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Abstract: [ Objective] This study aims to optimize cotton irrigation schedules in southern Xinjiang, quantify the
appropriate soil moisture thresholds for different growth stages of cotton, and provide core parameter support for
the transformation from traditional agriculture to digital agriculture. [Methods] The parameters of the AquaCrop
model were calibrated and verified using measured data of cotton growth and soil moisture dynamics under
different irrigation treatments. Based on this, an optimization study of the cotton irrigation schedule in southern

Xinjiang was conducted under the coordination of irrigation quota and appropriate soil moisture thresholds.
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[Results] 1) The coefficient of determination (R*) between the simulated and measured values of cotton growth
status and soil moisture dynamics during the growth stages exceeded 0.7, and the model simulation accuracy
reached over 82%. Therefore, the calibrated model could well simulate the response relationship between cotton
growth and soil moisture. 2) Based on the principle that after irrigation at each growth stage, the infiltrated soil
moisture was mainly distributed within the 0—0.6 m soil layer with minimal percolation loss, the appropriate
irrigation quota for cotton under mulched drip irrigation in southern Xinjiang was determined to be 36 mm. 3) An
optimized irrigation schedule coordinated with the regional water scarcity conditions was proposed. Under conditions
of water scarcity, the lower limits of soil moisture for cotton at the bud, boll, and boll-opening stages should be
60% field capacity (FC), 65% FC, and 55% FC, respectively. When the water scarcity condition was moderately
alleviated, the lower limits should be 70% FC, 75% FC, and 55% FC, respectively. [ Conclusion] The

optimized irrigation schedule can provide theoretical guidance and fundamental data support for precision irrigation

of cotton in arid regions and the efficient utilization of regional water resources.
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Fig.1 Meteorological data during cotton growth stages
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Table 1 Current irrigation schedule in southern Xinjiang
S1 S2 S3
HEWEHCH -HD W B/ mm HEEHCA -HD W /mm HEWEH I CH -HD O B /mm

06-17 47 05-31 38 06-03 44
06-24 43 06-09 38 06-12 44
07-01 33 06-17 48 06-20 44
07-10 33 06-26 38 06-28 36
07-18 33 07-03 38 07-07 36
07-24 33 07-12 38 07-15 44
07-30 28 07-20 38 07-22 36
08-05 28 07-28 38 07-31 36
08-13 33 08-04 38 08-08 36
08-20 43 08-12 38 08-16 36

08-20 38 08-23 44
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Table 2 Cotton irrigation schedule design under different

irrigation treatments mm
MESEE AT - 1) M

T2 T3 T4
05-13 24 30 36 45
06-12 24 30 36 45
06-22 24 30 36 45
06-29 24 30 36 45
07-11 24 30 36 45
07-18 24 30 36 45
07-25 24 30 36 45
08-02 24 30 36 45
08-06 24 30 36 45
08-13 24 30 36 45
08-20 24 30 36 45
08-26 24 30 36 45
it 288 360 432 540
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Table 3 Lower limit of soil moisture for cotton at different
growth stages under irrigation schedule scenarios

1.3 MiNIEIRR F i
K FHHEF AR L AE 10 d I A2 + 3800 BB KR .
TEEEECORBHEZMEBTRE. /MK
eI 3 R B A R I AR i, P 38 A 10 d A T
BRI R 19 S5 KK R B 4 G ok 2 R DA SR i
AR RC(LAD  RJF#ad LATH & CCL, Bk A A
W
CC=1.005 X(1 — ¢ A1) (1)
Hu b AR R 2 A 10 d I 1YL 7E /D X B AL
e PE 3R BB AT AR AR, SR BB TR T
Ho fE AR AR ik R I 9096 B, 4% /N X B L 32 B
34~ 2.33 m X 2.00 m il 7= FE Ty IR AE , & A AR KT
JEPREE R T R A R (YD .
KGR F (W UED S W VE ) A 7= if 7 o 9 R et
EeAb SR A A R
WUE = Y/(10ET) (2)
L Y R AR 5, ¢/hm* s ET AR 92 BrFEK &,
mm,
1.4 AquaCrop # 2 & 4
AquaCrop #5178 2 — B gt X 52 1l XA AE ) K 53
I FH 2805 1 AT ASEADL VT A (1 A5 R 5S84 R VR ) K Sy
i) 7 AL ), A B i UK A3 AT R T T A
HEIRIFr TG A S50 8RR, @Y

4 H W) +HOK G TR/ %FC

EEl 50 60 70
e 65 75 80
I 22 48] 55 65 75

1.6 HFEHHTSREIEH

AW 5T 0 B b B 53 A 5 ] 3R 4 i 34 7E Excel
2021 SR A TR SE AR o Ol VT R B I AR AR ELORS B L R
o8 ZRBCRD . — B RE(D BT iR %
(RMSE) 1 #5 #f ¥ J7 #R 1% 22 (NRMSE) X 455 #I i 17
WEAH . RHId #3531, RMSE Al NRMSE # /)y , 1t W
AL R ABE U5 R AR G, 50 AR A 0 S A
2 ER5454
21 HWEBERKESRKIE

SRy T AR 2 i RS TR 8 U AN [ R R T RE T A A
A T A 38 5 KR AR AR 2o B A R T AR B AR
FH 2024 47 ] 9 WE K7 T 2% A B3 A ef 22 4 i L M
A i A K B A S AR X A AR
()2 B AT R 5E , I A 2023 4F 8 BF B AR 8 8 1 i
TR AL AR B XA R Y 2 B — 25 B0 IE 480 K
J& B S W3R 4

2024 4B 80 48 78 T A A i J2 A AR AUU I 43
B DL 2 F 3% 5. N [ b BEAR A6 0 e 2 7 5 R AR AR Y
B IEA A ), B AL AE T IR Al S 22 40 d W28 2R
o, B HE P AR K Y B, 28 B B KAE I T
R L IR I Bl A 4B 0 0 el 2 30 T o 2, i 2 T 1 P
W AR o AN ] Ak 35 R A AU 5 S =2 (]

http. // stbexb.alljournal.com.cn



3 ]

PN BN - K B K 23 BB ) T T S i 10 A AR PR A A 315

1 R?.d .RMSE #I NRMSE 43 51 47 0.93~0.97 .0.88~
0.91.3.58% ~4.61% #13.91%~5.77% ; Fr 45 &b ¥ 7
LU 5 52 A 2 8 8 R .d .RMSE } NRMSE 4%

.

®4 REEHEESY

Table 4 Calibrated parameters of AquaCrop model
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Fig. 2 Comparison of simulated and measured values of canopy coverage for model calibration
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Table 5 Accuracy indicators for model calibration

e h5 PE 45 b T1 T2 T3 T4 JIT AT A 3
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M 1A ) B
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Fig.3 Comparison of simulated and measured values of biomass for model calibration
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Fig.4 Comparison of simulated and measured values of soil moisture for model calibration
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Fig. 5 Comparison of simulated and measured values of yield for model calibration
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Fig. 6 Comparison of simulated and measured values of each indicator for model verification
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Table 6 Accuracy indicators for model verification

W W s1os2 o os3 ot
R’ 091 093 090  0.92

S d 0.92 063 091  0.92
R RMSE/ % 0.86 0.96 0.86  0.83
NRMSE/%  0.90 1.00 091  0.87

R 0.98 096 087  0.90

Wy I d 0.94 093 096  0.95
EWIE RMSE/(thm ) 139 145 116 1.34
NRMSE/%  13.30 14.93 921 12.26

R’ 0.84 0.72 080  0.74

K 4 d 0.95 0.84 083  0.92
WRGE RMSE/Y% 152 1.65 091  1.40
NRMSE/% 803 7.99 456 7.0

R? 0.97

u d 0.89
RMSE/(t-hm %) 0.20

NRMSE/ % 2.84
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Fig.7 Soil moisture in different soil layers at different growth stages of cotton

23 BRTHEREERTEMUL
AW 5 B A2 1Y) 3 B K 2 W0 BE Al )T 28 AL
6 J AT A AU AN ] 90 TR A RN R 7 T MR AR i

55K G e R 56 FR L 7o N [ T A B R S 6 7
FIK 53 A2 77 320 5% W 7 A8 1 3 22 5 MR AR 7 i
5.875~7.476 t/hm®, K 53 HE 72 %Ry 1.177~1.272 kg/m’;

http. // stbexb.alljournal.com.cn



320 KRR

840 %

W1 4k By P & e %, b 5.875 t/hm®, W6 Ab B ;=
B 7.476 t/hm?; W4 b B oK 4 AR 7 R g
AN LIE 1177 kg/m®s W12 Ab B G K 43 A 7= R dm K, R
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Table 7 Response relationships between cotton water use and yield under different irrigation schedule scenarios

—— — —— - —
HBLA 5 %;H’ﬁﬁili’ Z;WE ! Aﬂi; m WEER wkws ET/mm o 71‘(6:&; »
W1 50 65 55 360 10 498 5.875 1.179
w2 60 65 55 396 11 534 6.637 1.243
W3 70 65 55 432 12 559 7.028 1.257
w4 50 75 55 396 11 533 6.269 1.177
W5 60 75 55 432 12 568 7.061 1.244
W6 70 75 55 468 13 594 7.476 1.259
W7 50 80 55 432 12 561 6.673 1.189
W38 60 80 55 468 13 593 7.430 1.254
W9 70 80 55 468 13 585 7.329 1.253

W10 50 65 75 396 11 527 6.304 1.196
W11 60 65 75 432 12 562 7.082 1.260
W12 70 65 75 468 13 584 7.431 1.272
W13 50 75 75 432 12 560 6.678 1.192
W14 60 75 75 468 13 591 7.447 1.260
3 i B T BFSE S 1 57,5 mm K G A B T o
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